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ABSTRACT
A Milky-Way Type Ia Supernova (SNIa) could be unidentified or even initially unnoticed,
being dim in radio, X-rays, and neutrinos, and suffering large optical/IR extinction in the
Galactic plane. But SNIa emit nuclear gamma-ray lines from 56Ni →56 Co →56 Fe radioac-
tive decays. These lines fall within the Fermi/GBM energy range, and the 56Ni 158 keV line
is detectable by Swift/BAT. Both instruments frequently monitor the Galactic plane, which
is transparent to gamma rays. Thus GBM and BAT are ideal Galactic SNIa early warning
systems. We simulate SNIa MeV light curves and spectra to show that GBM and BAT could
confirm a Galactic SNIa explosion, followed by Swift localization and observation in X-rays
and UVOIR band. The time of detection depends sensitively on the 56Ni distribution, and
can be as early as a few days if >∼10% of the 56Ni is present in the surface as suggested by
SN2014J gamma data.
Key words: gamma-rays: stars – (stars:) supernovae: general
1 INTRODUCTION
A Galactic SNIa explosion, i.e., one exploding in the Milky Way,
would uniquely advance our understanding in many ways. To name
a few: a) The nature of Type Ia progenitors remains a mystery (sin-
gle vs double degenerate scenarios). A Galactic SNIa would offer
unique insight into the progenitor, e.g., via radio and X-ray probes
of the circumstellar environment. b) SNIa are also the dominant
sources of iron-group elements (Nomoto et al. 1984). Gamma-
ray observations will precisely measure the 56Ni mass, and the
lightcurves would encode a map of the structure and mixing of the
ejecta. c) SNIa have been used as ”standardizable” candles and thus
cosmic distance indicators, famously leading to the discovery of
cosmic acceleration. Multi-wavelength observations of a Galactic
Type Ia event would offer a powerful new probe of the Phillips re-
lation used to standardize the lightcurves (Phillips 1993). Early de-
tection strongly probes model differences and thus provides unique
insight into all of these issues (e.g., Piro & Nakar 2013; Summa
et al. 2013)
The Galactic SNIa rate per century has been estimated as
∼ 0.51 ± 0.12 (Li et al. 2011) or 1.4+1.4−0.8 (Adams et al. 2013),
making each explosion more rare than a “once in a lifetime"
? E-mail: xlwang811@gmail.com
event. Although SNIa are enormously luminous at peak, a Galac-
tic event should lie in the plane of the Milky Way disk that con-
tains obscuring dust. Nonetheless, Adams et al. (2013) found that
the deep optical/near-IR scanning of Large Synoptic Survey Tele-
scope (LSST) can detect over 99% of Galactic SNIa at peak in the
brightest observable waveband, assuming LSST always monitors
the Galactic plane. LSST will thus play a crucial role in the event
of a Galactic SNIa. However, in practice one must not only detect
but also identify the SNIa. Depending on its observed brightness,
the outburst could initially be confused with less rare Galactic tran-
sients, like luminous red novae (e.g., Tylenda et al. 2011), delaying
the SNIa identification for ∼ 2 weeks or even longer. This could
push confirmation until after the optical peak, and the opportunity
for early followup may be lost.1 LSST very probably will discover
1 Several practical issues can delay the LSST identification un-
til after the SNIa peak: (a) the LSST observing season (air mass
<1.5), is only about 7 months per year (i.e., 60%) for the in-
ner Galactic plane (https://www.eso.org/sci/observing/
tools/calendar/observability.html); (b) even if the SNIa
happens during the observing season, in the ”baseline" minion_1016
(LSST Science Collaboration et al. 2017) observing strategy, LSST will not
visit the Galactic plane at all beyond the first 7 months; (c) even the al-
ternate proposed strategy astro_lsst_01_1004 having Galactic plane scans
throughout the LSST mission, the cadence is reduced to one visit every ∼
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a Galactic SNIa eventually, but having an independent means of
identifying a SNIa increases the chances for early detection and
maximal science returns.
Going beyond optical/IR, SNIa are faint in the radio and soft
X-ray, as confirmed by the non-detection of the nearby SN2014J
(Pérez-Torres et al. 2014; Margutti et al. 2014). The SNIa neutrino
signal is undetectable for events beyond ∼1 kpc (Odrzywolek &
Plewa 2011). Gravitational wave observation of SNIa awaits space-
based detectors (Webbink 2010). Moreover, a future Galactic SNIa
could happen anywhere anytime in the Galactic plane, most of
which is not continually monitored at most wavelengths.
Fortunately, SNIa are confirmed gamma-ray emitters, because
the dominant product of these thermonuclear explosions is the ra-
dioisotope 56Ni. The decays 56Ni
8.8days−−−−−−→56Co 111.3days−−−−−−−−→56Fe emit
gamma-ray lines spanning 158 keV to 2.6MeV. Observations of the
Type Ia supernova SN2014J in M82 saw evidence for the dominant
56Ni lines at 158 keV and 812 keV within the first 20 days (Diehl
et al. 2014, 2015; Isern et al. 2016). Later observations detected the
56Co lines at 847keV and 1238keV (Churazov et al. 2014, 2015).
The Milky Way is optically thin to gamma rays, so the 56Ni
and 56Co lines provide a guaranteed signal for a SNIa anywhere in
the Galaxy. To exploit this signal as a SNIa alert requires ∼daily
gamma-ray observations of the Galactic disk with a detector sensi-
tive to the SNIa lines. Fortunately, such data are taken as part of the
ordinary operation of Fermi’s Gamma-ray Burst Monitor (GBM)
and the Neil Gehrels Swift Observatory (Swift)’s Burst Alert Tele-
scope (BAT). We use these detectors to illustrate that the capability
already exists, but future burst detectors and dedicated MeV mis-
sions (e.g., AMEGO, e-ASTROGAM, LOX) can play the same role.
Fermi/GBM consists of 12 NaI and 2 BGO scintillation de-
tectors, with a large field of view (FOV) of ∼9.5 steradians (Mee-
gan et al. 2009) 2. The NaI detectors are sensitive to 8 keV to
1 MeV photons, while BGO detectors work between 150 keV to
40 MeV, covering all the 56Ni and 56Co decay lines. GBM/BGO
has successfully identified solar flares in e± annihilation (511 keV)
and neutron capture (2.22 MeV) lines (Ackermann et al. 2012).
Swift/BAT is a coded aperture telescope with a 1.4 steradian field of
view (half coded; Barthelmy et al. 2005)3. The BAT energy range
is ∼15-150 keV for imaging, which is just able to detect the 56Ni
158 keV line. Typically, BAT views the Galactic center once per
day and its field of view covers most of the probable regions where
next Galactic SNIa will occur4. These properties make GBM and
BAT ideal Galactic SNIa monitors and alarms.
The next section shows the methods to confirm the viability of
GBM and BAT as SNIa detectors. Section 3 presents the simulated
SNIa gamma line signals seen by detectors and discussion of the
results. In Section 4, outlook and recommendations are given.
10 days; (d) the explosion will occur randomly in the LSST filter cycle, and
identification will involve comparing magnitudes and colors among filters
that may not at first be optimal.
2 http://fermi.gsfc.nasa.gov
3 http://swift.gsfc.nasa.gov
4 If BAT is looking at the Galactic center, using BAT partial coding
map (https://swift.gsfc.nasa.gov/proposals/bat_cal/
index.html) and the probability distribution of Galactic SNIa (Adams
et al. 2013), we estimate that ∼77% of the Galactic SNIa will fall within the
FOV of BAT.
2 METHODS
To confirm the viability of GBM and BAT as SNIa detectors, and
assess the time needed to sound the alarm, we will 1) model the
time history of the SNIa line emission, then locate our SNIa at a
fiducial distance D=10 kpc5, and 2) simulate the line features (light
curves and spectra) in GBM and BAT. With simulations of the SNIa
spectra at different times (for light curves, see Appendix B), we
can estimate the timescale at which the rising SNIa signal emerges
as distinct from the detector background. Strategies for localiza-
tion and multimessenger followup appear in the Appendix C. Some
early results of our analysis were summarized in (Wang et al. 2015).
In using burst monitors to search for Milky Way signals, we draw
on pioneering blind searches for Galactic point sources (Rodi et al.
2014) and diffuse emission (Ng et al. 2015).
Our model of SNIa line emission follows the radioactive pro-
duction of 56Ni and 56Co lines and their propagation in the expand-
ing blast. The ejecta is initially dense and opaque, but becomes
optically thin after ∼100 days (Sim & Mazzali 2008; The & Bur-
rows 2014). The gamma rays of interest lose significant energy in a
single Compton scattering event, so that lines in the emergent spec-
trum are only due to un-scattered photons. Thus, the SNIa gamma
line light curves are very sensitive to the structure of the 56Ni dis-
tribution in the ejecta. In fact, the gamma line luminosity at early
times (≤10 days) is dominated by surface emission set by the out-
ermost velocity and 56Ni abundance. This early emission is char-
acteristic of an expanding photosphere.
Later emission has been studied by a number of groups, where
various SNIa models have been built with different 56Ni yields
and distributions, ranging from interior-only 56Ni (e.g., deflagra-
tions W7 model (Nomoto et al. 1984)) to extra external 56Ni layers
(e.g., 56Ni cap like delayed detonations W7DT model (Yamaoka
et al. 1992), sub-Chandrasekhar helium detonations models (Hoe-
flich et al. 1996, 2017, and references therein)), or more detailed
3-D models (e.g., Summa et al. 2013; Kromer & Sim 2009). The
SNIa line fluxes from these models differ by ∼1-2 orders of magni-
tude at early time (the first 10s of days after the explosion; Gómez-
Gomar et al. 1998; The & Burrows 2014, and references therein),
showing that early gamma-ray observation will sharply probe SNIa
models (e.g., deflagration, detonation, delayed detonation and sub-
Chandrasekhar models; Gómez-Gomar et al. 1998).
Our purpose is to evaluate the feasibility of gamma lines as
tools for early SNIa detection, we therefore study two simple sur-
face and interior 56Ni distributions that bracket an observationally-
motivated optimistic case and the most pessimistic case: 1) shell
plus core model (or helium cap model, shortened as shell model
thereafter), assuming total 56Ni mass M56Ni,total = 0.5M with
10% of the mass distributed at the outmost shell of the ejecta while
the remain Ni is in the core; 2) core model, where all the Ni is
distributed in the core. For both models, the SNIa ejecta has uni-
form density, and expands homologously with total ejected kinetic
energy Eej = 1051erg, and calculate lines only. The radius of the
ejecta is a = a0 + v0t, with a0 ∼ 7000km is the initial ejecta radius,
v0 ∼ 0.04c is the velocity at the outermost radius. The total ejected
5 This distance is comparable to the distance to the Galactic Center, and
consistent with the distance when the optical brightness is small for optical
detection in Nakamura et al. (2016). For the SNIa model in Adams et al.
(2013), the most probable distance is almost exactly 10 kpc, and > 98% of
events are < 20kpc. For other choices of distance, the flux and count rates
will scale as (10kpc/D)2.
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mass is Mej = 1.4M . See Appendix A for general equations and
more details.
GBM and BAT are designed to identify transients like the
gamma-ray bursts that exceed the background emission. A typical
gamma-ray burst rise timescale is a few seconds, for which GBM
and BAT triggering is optimized. But the gamma rays from a Galac-
tic SNIa rise and decay on timescales of ∼ weeks (tmean,56Ni =
8.8days, tmean,56Co = 111.3days), meaning the Galactic SNIa sig-
nal will appear as a long-duration increase in the background, in-
stead of triggering the detector. So we need to compare our simu-
lated spectra and light curves (light curves see Appendix B) from
a Galactic SNIa with the background of GBM and BAT detectors.
In next section we find that a Galactic SNIa signal is indeed large
enough to be noticed, and show how soon we can confirm the event
after its explosion and sound the alarm. See section 3.2 for back-
ground variations.
In this paper, we adopt a rough criteria of "detectable" to be
when SNIa signal/background signal ∼1, i.e., a "detected" Galactic
SNIa point-source signal will be at least as large and likely larger
than the entire all-sky background signal (see Section 3.2). In our
analysis, "background" photons are all those seen by the detector
in the absence of a SNIa, including both the instrument-induced
noise and signals from diffusive emission and point sources.
Analytical formulas for SNIa flux can be obtained in the limits
of optical depth τa:
When the ejecta is optically thick (τa  1) at early time, we
only see the photons coming from the surface ejecta which are fac-
ing us, thus the spectrum is a one-sided (blueshifted) linear rise
with a sharp cutoff at Emax = Ei(1+ v0/c), where Ei is the gamma
ray line photon energy, v0 is the surface velocity. This agrees with
Bussard et al. (1989)’s calculation. The total line flux is thus:
F(Ei, t) = piSi a
2
D2
=
biX56Ni
4A56NiYeσ
(a0 + v0t)2
D2
fi(t). (1)
which is only determined by the surface 56Ni abundance X56Ni,
electron fraction Ye and surface velocity v0. Here Si is the source
function, bi is the branching ratio of the gamma-ray line at Ei , σ is
the cross-section of photons, fi(t) encodes the 56Ni and 56Co de-
cay rates (details see Appendix A). This equation fits our simula-
tion perfectly at early time, shown in the upper panel in Figure.B1.
Therefore for a certain SNIa, at early times when the ejecta is op-
tically thick, there is an accurate analytical relation between X56Ni
and the detected time tdetected, defined as when the SNIa line signal
is about the same as the detector background signal:
X56Ni =
A56NiYeσ
bi
4D2
(a0 + v0t)2
Fbackground(Ei, tdetected)
fi(tdetected)
(2)
which is shown in Fig. 1 for GBM/BGO detection. For a “uniform
mixing" scenario, i.e., 56Ni is uniformly distributed in the spherical
ejecta with X56Ni ∼35.7%, the 56Ni 158keV signal can be seen as
early as ∼day 3. So a SNIa signal is able to be seen at early time,
as long as the surface 56Ni abundance is at least a few percent, and
may be distributed in any shape, e.g., a “plume".
When the ejecta is optically thin (τa  1) at late time, we
see the entire remnant (nebular phase), the spectrum is an inverted
parabola centered on Ei with endpoints at the extrema E± = Ei(1±
v0/c), the shape is close to a gaussian near the peak (expansion to
the 2nd order). Then the total line flux is
F(Ei, t) = bi4piD2
dNNi,or,Co
dt
=
bi
4piD2
MNi
A56Nimp
fi(t), (3)
which only depends on the total 56Ni mass M56Ni of the SNIa. Thus
Figure 1. Minimum surface 56Ni abundance X56Ni versus the detected time
for a 10 kpc Galactic SNIa.
for a certain SNIa, with whatever ejecta distribution, the line flux is
always the same when the ejecta is optically thin.
3 RESULTS
In our analysis, both the GBM and BAT detectors’ background and
response files are from HEASARC site, processed with Xspec 6.
Background files are selected from typical GBM (cspec files) and
BAT daily files for a particular detector when the satellite is look-
ing at the Galactic center. For BAT, we simulate the response of a
point source signal taking into account of the coded mask effect.
For GBM analysis, we simulate the signals for individual detector
(BGO: b0 and b1; NaI: n0 to n9, na, nb). Here we show the simu-
lation results for detector b1 and n3 as examples.
3.1 Spectrum
The SNIa signal will be distinct from other high-energy transient
events in the Galactic plane due to the presence of the decay lines,
which serve as the SNIa “smoking gun.” Thus, for the two mod-
els described in Section 2, we simulate the spectra of 56Ni and
56Co decay lines from a Galactic SNIa in a single BGO detec-
tor b1 (other detectors will have the similar results with differ-
ent phases), for times day 2, day 12 (when 56Ni lines peak), day
24 (when 56Co lines emerge for core model) and day 96.5 (when
56Co lines peak) after the explosion, shown in Fig. 2. We assume
the lines are Doppler broadened corresponding to a line-of-sight
velocity of 0.04c, which resembles a gaussian shape at late time.
For alert purpose at early days after explosion, we only use the
gamma lines from the un-scattered photons to compare with the
background to determine whether and when a SNIa can be detected.
6 http://heasarc.gsfc.nasa.gov/xanadu/xspec/,http:
//heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/,ftp:
//legacy.gsfc.nasa.gov/swift/calib_data/bat/
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Figure 2. Simulation of 56Ni and 56Co gamma-ray lines signal seen in a
GBM/BGO detector, from a 10 kpc Galactic SNIa at day2 (above), day12
(middle above), day24 (middle below) and day96.5 (below) after explosion.
The black points represent a typical background spectrum from detector b1.
Dotted lines are the simulated SNIa 56Ni and 56Co decay lines signal, and
solid lines are the total signal expected to be seen (sum of the background
and SNIa signal). Blue lines are for shell model, magenta are for core model.
The Compton-scattered continuum changes little of the line profile,
thus is neglected here, but see Section 3.2 for more discussion.
Fig. 2 shows a time series of spectra for the optimistic shell
model and pessimistic core model of 56Ni ejecta. SNIa 56Ni lines
start to be detectable by GBM (& 100% of the BGO background)
at just 2 days after the explosion. By 12 days, all of the 56Ni lines
are distinct, and are ∼3-4 times bigger than the typical background;
56Co lines (especially the dominant 847 keV line) begin to arise
as well. Thus, in the shell model we expect GBM could detect a
Galactic supernova within a few days, with spectral line features
from both 56Ni and 56Co serving to confirm the Type Ia origin of
the explosion.
By contrast, the core model lacks surface emission, instead
placing the nickel maximally deep. In this pessimistic scenario, the
early ejecta are opaque and 56Ni lines are absent. Fig. 2 shows that
56Co lines start to emerge above background around day 24, and
rise to peak at ∼100 days. Therefore, in the core model, we ex-
pect GBM could only observe 56Co lines to detect a Galactic SNIa,
starting around 24 days. Similar spectra and conclusions are also
obtained for the NaI detectors of GBM, the spectra plots for detec-
tor n3 are shown in Figure. B2.
We also simulate the spectra in BAT detectors at day 2, day
12 and day 24 in Fig. 3. BAT will not be able to detect 56Ni 158
keV line for the core model as the ejecta is optically thick at early
phase after the explosion. For the shell model, the on-axis signal
amplitude of 56Ni 158 keV line is ∼4-5 times larger than the av-
erage BAT background flux at day 12 after the explosion. At day
2, the 158 keV signal is weaker than the background, but it may
Figure 3. Similar to Fig. 2, simulated gamma signal seen on-axis in BAT
detectors, black points here represent a typical background spectrum from
all the BAT detectors.
be detectable then – or even earlier – via the more sensitive image
trigger technique (Krimm et al. 2013)7.
To conclude, if a SNIa were to explode in our Galaxy,
Fermi/GBM will be able to detect the signal as early as ∼day 2 after
the explosion if there is significant surface nickel, or no later than
∼day 24 for a pessimistic core model case. In Section 2 we show
that even a surface mass fraction X(56Ni) ∼10% allows detection
within ∼10 days. Swift/BAT can only see the 56Ni 158 keV line,
and thus requires surface nickel for detection. Moreover, if GBM
see SNIa lines other than 158 keV, but BAT sees no line signal, this
means that there is no surface 56Ni in the SN ejecta.
A SNIa detection would triggers a host of multi-wavelength
observations. Speed and reliability of the alarm will be crucial.
There are two possibilities of getting alert of a Galactic SNIa: 1)
BAT discovers the SNIa first, or 2) Fermi finds the SNIa first and
use the Earth occultation technique (Wilson-Hodge et al. 2012;
Rodi et al. 2014) to localize it within degrees. After the alert by
BAT or Fermi, Swift will slew to the SNIa, localize it within ar-
cminutes, and take XRT and UVOT spectra. For details of GBM
and BAT localization, see Appendix C.
3.2 Discussion
As the two BGO detectors and 12 NaI detectors mounted on GBM
are pointing at different direction, if a SNIa signal is seen in one
detector, other detectors are expected to observe the similar signal
with phase delay. BAT background file is the total background sig-
nal measured by all the active detectors. We have included both the
mask effect and the detector degrading effect. For an on-axis sig-
nal, half of the detectors are masked by the coded aperture mask.
7 The formal significance of this day 2 signal in the 140-180 keV band is
∼ 30 sigma in 100s’ observation, adopting standard analysis method (Li &
Ma 1983), and the formal signal significance increases to ∼ 90 sigma with
the 5σ sensitivity limit of BAT imaging (see section. 3.2). We thank the
referee for pointing this out.
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And the active detectors of BAT are decreasing with time (Lien
et al. 2016), therefore we use recent background signal (2017 year)
and 50% as the active detector percentage (current active detector
ratio is ∼56%) for a fair comparison. When BAT is looking at the
Galactic center, its FOV is ± 20 degree along the long axis. For our
simulations, the 26.56 deg off-axis signal is ∼90% of the on-axis
signal from the same Galactic SNIa, thus we estimate the off-axis
effect will decrease ∼10% of the supernova signal.
Any supernova signal in the GBM and BAT must com-
pete with the (time varying) gamma-rays background that always
presents. Above ∼150 keV, the background sources are dominantly
secondary gamma rays created by cosmic-ray interactions in the
Earth’s atmosphere, and in the spacecraft itself (Meegan et al.
2009). The average variations of both GBM and BAT background
over one orbit are about ∼50% (Fitzpatrick et al. 2012; Ajello et al.
2008), due to the variation of cosmic-ray flux densities in the at-
mosphere. Although the background is dominated by cosmic rays,
which are affected by solar activity, we find that the variations over
years or solar cycle is quite small (.20%), based on our crude anal-
ysis of the detectors’ daily data from different years. The back-
ground variation analysis here exclude orbits passing the South At-
lantic Anomaly (SAA). These background variations can be seen as
a noise source that is much larger than, and in addition to, the detec-
tors’ background errors in each exposure due to counting statistics.
Therefore we require that SNIa signal/background ∼1 for discovery
or detection, which we believe is a good first approximation and
a safe, conservative approach when one does not know the back-
ground level at the time of the possible discovery.
Accounting for all these effects, the SNIa signal will still be
detectable by both GBM and BAT within several days after explo-
sion if there is significant surface 56Ni in the SNIa. If there is not,
we will have to wait weeks. The uncertainty of surface 56Ni abun-
dance dwarfs other concerns.
It is likely that more sensitive SNIa line search methods are
possible and could lead to even earlier detection. For GBM, ev-
ery 15 or 30 orbits the satellite flies over the same location on
Earth, so background subtraction is more sensitive at these inter-
vals. Even then there are worries about variations in photomulti-
plier gain (Fitzpatrick et al. 2012). BAT will perhaps do a better job
for early signal detection, especially using the image trigger tech-
nique (Krimm et al. 2013). For example, with an exposure time of
∼ 103s, the 5σ noise level, achieved in the BAT 70 month survey
from the all-sky mosaic maps, is ∼ 1.6× 10−3counts s−1detector−1
in the 14-195 keV range, or ∼ 10−2s−1cm−2 in the 146.2-170.1 keV
bins which contain the broadened 158keV line (Baumgartner et al.
2013), which is far smaller than the SNIa 158keV signal at first day.
Even for SNIa without surface 56Ni, the gamma flux in the 50-150
keV band is ∼ 0.1s−1cm−2 at day 8 (Isern et al. 2013), possibly
detectable by BAT with this technique within the first week after
the explosion. However, the potential detection difficulties are the
imaging and localization limit of BAT around 150-200 keV.
We only consider the nuclear lines emitted from SNIa (zero-
scattered photons from the 56Ni and 56Co decay) here for a conser-
vative analysis of the SNIa observation. The Doppler broadening of
the decay lines is below the resolution of Fermi and Swift. In addi-
tion, the instrumental response introduces "fake" continuum in the
simulated spectra, dominant over the true continuum due to Comp-
ton scattering (the simulation of detected lines are much wider than
the theoretical lines). The signal will be enlarged if the Compton
continuum is included (adding scattered photons), making the sig-
nal easier to detect. Partial energy deposition in the detector also
leads to an instrumental low-energy shelf below the lines, e.g., Fig.
2, 100-400 MeV.
Based on our simulations of SNIa spectra and light curves,
even for an extreme distance of 20 kpc, the signal will eventually
be detectable (e.g., at ∼ day 12 for the shell model). Thus essen-
tially any Galactic SNIa will be detectable by Fermi and Swift, or
future gamma ray telescopes with no worse sensitivity. Obviously,
the closer the event, the sooner its gamma signature will emerge.
4 OUTLOOK AND RECOMMENDATIONS
Although a Galactic SNIa is rare on human timescales, the poten-
tial scientific impact merits preparations–a similar philosophy was
recently vindicated by the spectacular GW170817 (Abbott et al.
2017). Luckily, our analysis shows that Fermi/GBM and Swift/BAT
already are capable of sounding the alarm and welcoming the next
Galactic SNIa, without need for modifications in observing strate-
gies.
We recommend the following to prepare for this inevitable and
exciting event. (a) We strongly urge that LSST scans the Galac-
tic Plane over the entire mission duration, ideally with the same
cadence as the main wide-fast-deep survey (Strader et al. 2018).
(b) We recommend that future gamma-ray burst missions succeed
existing missions without gaps in time, do not avoid the Galactic
Plane in the scans, and ideally are sensitive to the energy range
∼ 50 keV − 2 MeV; the SNIa search can piggyback on the GRB-
focused mission without additional cost. (c) MeV telescopes with
large fields of view like AMEGO or e-ASTROGAM or LOX will be
ideal (Fryer et al. 2019), seeing all of the brightest 56Ni and 56Co
lines, and may even resolve line widths and track them over time,
testing predictions by several groups (e.g., The & Burrows 2014)
and probing the ejecta dynamics. The 511keV line, which maps
the positron annihilation and thus separately probes density, will
also be detectable; if there is sensitivity to the gamma line polar-
ization, this will give even more information of SNIa (Churazov &
Khabibullin 2018). Such missions will likely detect extragalactic
SNIa as well. (d) A Swift like X-ray and UVOT combination would
be very useful for rapid localization and initial multiwavelength ob-
servations.
There still remains room to improve our work. We are now
working on the Monte Carlo calculations for various models with
different ejecta structures, and including the continuum emission,
to simulate a range of the SNIa signals. Other future work includes
building pipeline codes for Fermi and Swift SNIa detections with
better detection criteria, and simulating SNIa signals for future
MeV telescopes like AMEGO.
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APPENDIX A: MODEL
The procedure to conduct the research is as following. First, build
models for a SNIa’s ejecta to calculate the curves and spectra of
both 56Ni and 56Co decay from a Galactic SNIa. Then simulate
what the light-curves and spectra would look like in GBM and
BAT detectors, respectively. Thirdly, compare the simulated Galac-
tic SNIa signal with the typical background of the detector to see
whether the signal is large enough to be noticed at early days and
how soon we can confirm the signal is from a Galactic SNIa. Fi-
nally, after the confirmation of the signal, localize the SNIa with
good accuracy in a short time using Fermi and Swift, and the fol-
lowup multi-wavelength and multi-messenger observations.
Here we build models that explore both the optimistic and pes-
simistic case of ejecta scenarios (shell plus core model and core
only model). These will serve as inputs to the radiation transfer
calculations, yielding the SNIa γ-ray light curves and spectra. The
fiducial distance is set to be D =10 kpc.
To estimate the light curve and spectrum requires a model
for the gamma-ray emission and transfer in the ejecta. Previous
work made the assumption (plausible at the time) that SNIa are
spherically symmetric and stratified, with 56Ni buried deep in the
core (e.g., Bussard et al. 1989). These calculations found that SNIa
are opaque to gamma-rays for ∼100 days due largely to Compton
scattering in the initially dense ejecta. If this were the case, then
a Galactic SNIa would likely not be discovered until months af-
ter the explosion, delaying followup observations until well after
the optical peak emission. Fortunately, INTEGRAL observations of
SN2014J reported 56Ni lines within ∼20 days after the explosion,
far earlier than expected. This initial line flux corresponds to about
10% of the total expected 56Ni mass (Diehl et al. 2014, 2015) at the
surface (in fact, the proposed geometry has the nickel concentrated
in a belt). Later observations detected the 56Co lines which imply
an initial 56Ni mass very close to 0.5M (Churazov et al. 2014,
2015).
We adopt a zeroth-order uniform ejecta model following Bus-
sard et al. (1989)’s work, where the electron number density profile
ne is assumed to be flat in radius and drops to zero at the outer
radius of ejecta a = a0 + v0t. Here a0 is the ejecta radius at the ex-
plosion time, v0 is the velocity at the outermost radius and is given
by v0 = (10Eej/3Mej)1/2 ∼ 1.3 × 107m/s ∼ 0.04c, Mej is the total
mass of the debris, Eej is the total kinetic energy ejected. Therefore
the volume of the ejecta isV = 4pia3/3, ne = Yenb = Mej/(µempV),
where nb is the baryon density, Ye is the mean electron number per
baryon, mp is the proton mass. We adopt Mej ∼ MChandrasehkhar =
1.4M , Eej = 1051erg, a0 = rwhite−dwarf ∼ 7000km, and Ye ≈ 1/2
here for a Galactic SNIa.
For uniform density ejecta, the mass density is just ρ = ρNi =
Mej/Vej, therefore nNi/ne = (ρNi/mNi)/(Yeρ/mp) = 1/YeA56Ni.
The ejecta is expanding homologously, i.e., v(r) ∝ r , r is the ra-
dius from the center r ∼ vt.
The number emission coefficient for line Ei at energy E is
jE =
dNi
dtdVdΩ
φ(E) = bi
dNNi,or,Co
dtdVdΩ
φ(E)
= bi
dnNi,or,Co
dtdΩ
φ(E) = j0φ(E) (A1)
where j0 is the emissivity when the line is not broadened, bi is the
branching ratio of the gamma-ray line at photon energy Ei . φ(E)
is the Doppler effect term, φ(E) = δ(E − ), where  = Ei[1 +
cosαv(r)/c] ,with α the angle between the radius vector and the
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Figure A1. Sketch of the shell plus core model (shell model). For this
model, 56Ni is distributed at both the ejecta’s outmost shell (10% of the
mass) with depth h, and the inside core with radius R0. The ejecta radius is
a, the distance between the detector and the SNIa is D.
line of sight. This doppler effect term will broaden the decay lines
but at a level below the resolution of Fermi and Swift.
The source function is
SE =
jE
neσ
=
bi
neσ(Ei)
dn
dtdΩ
φ(E) = bi
4pineσ(Ei)
dn
dt
φ(E) (A2)
where,
dnNi
dt
|decay =
nNi |decay
tmean,56Ni
=
nNi |decay(t = 0)
tmean,56Ni
e−t/tmean,56Ni
= nNi |decay(t = 0) fNi(t) (A3)
dnCo
dt
|decay =
nNi |decay(t = 0)
tmean,56Co − tmean,56Ni
(e−t/tmean,56Co
−e−t/tmean,56Ni )
= nNi |decay(t = 0) fCo(t). (A4)
To avoid confusion with optical depth τ, we use tmean,56Ni =
8.8days, tmean,56Co = 111.3days for the mean lifetime of the ra-
dioactive 56Ni and 56Co, respectively. σ(Ei) is the cross-section
when photons propagate through the dense material of the ejecta
(use 56Co as an estimation), including Rayleigh scattering, Comp-
ton scattering (Klein Nishina cross section), photoelectric absorp-
tion, and pair production, values adopted from XCOM website8.
Therefore the source function can be written as
SE = bi
X56Ni
4piσA56NiYe
fNi or Co(t)φ(E) = S0φ(E) (A5)
where Xi = AiYi , Yi = ni/nb , and
∑
Xi = 1. Let xi to be the ion-
ization fraction of nuclei i, then Ye =
∑
xiZiYi = 〈xZ/A〉 ≈ 〈x〉/2.
For a fully ionized shell of pure 56Ni, we obtain a ratio n56Ni/ne =
X56Ni/(A56NiYe) ≈ 2/A56Ni. S0 is the source function when the line
is not broadened.
If SE is constant, from the radiative transfer equation
dIE/dτ = −IE + SE , we can get the intensity IE to be
IE (τ) = dNdEdtdAdΩ
= IE (0)e−τ + SE
∫ τ
0
e−(τ−τ′)dτ′
= IE (0)e−τ + SE (1 − e−τ ) (A6)
8 https://www.nist.gov/pml/xcom-photon-cross-sections-database
where optical depth τ =
∫
ne(r)σdl = neσa(l/a) = τal/a, l is the
photon path-length.
Let θ to be the angle between line of sight and the line between
ejecta center and observer, sinα = Dθ/r . Thus total flux from the
ejecta should be an integral of the intensity over the solid angle
extended by the ejecta, i.e.,
FE =
∫
IEcosθdΩ ≈ 2pi
∫
IE θdθ (A7)
F =
∫
FEdE (A8)
For a shell plus core model (or helium cap model, shortened as
shell model thereafter), motivated by SN2014J (Diehl et al. 2014)
and ignoring the Compton continuum emission, we assume total
56Ni mass M56Ni,total = 0.5M with 10% of the mass distributed
at the outmost shell of the ejecta with radius a and depth h, while
the remain Ni is in the core with radius R0 = (M56Ni,core/Mej)1/3a
and subtended angle θ0 ∼ R0/D, where D is the distance between
the earth and the SNIa. The angle subtended by the shell is between
θ1 ∼ (a − h)/D and θ2 ∼ a/D. Thus the ejecta emission is in the
region between ±θ2. Sketch of the shell model see Fig. A1.
For θ1 ≤ θ ≤ θ2, the photon path-length is l2 =
2
√
a2 − (Dθ)2, the intensity is
I2E = SE (1 − e−τa l2/a). (A9)
For θ0 ≤ θ ≤ θ1, photon will travel two different regions
through the line of sight, l1 =
√
a2 − (Dθ)2 −
√
(a − h)2 − (Dθ)2,
s1 = 2
√
(a − h)2 − (Dθ)2, the intensity is
I1E = SE (1 − e−τa l1/a)(e−τa (s1+l1)/a + 1). (A10)
For 0 ≤ θ ≤ θ0, photon will travel three different re-
gions through the line of sight, l0 = 2
√
R20 − (Dθ)2, s0 =√
(a − h)2 − (Dθ)2 −
√
R20 − (Dθ)2, the intensity is
I0E = SE (1 − e−τa l1/a)e−τa (2s0+l0+l1)/a
+SE (1 − e−τa l0/a)e−τa (s0+l1)/a
+SE (1 − e−τa l1/a). (A11)
Therefore, the flux for shell model is
FshellE (E, t) = 2pi(
∫ θ0
0
I0E θdθ +
∫ θ1
θ0
I1E θdθ
+
∫ θ2
θ1
I2E θdθ), (A12)
Fshell(Ei, t) =
∫
broadened−Ei
FshellE (E, t)dE . (A13)
Similarly, for a core only model where all the Ni is distributed
in the core with radius R0 (h = 0 in the shell model case), the flux
is
FcoreE (E, t) = 2pi(
∫ θ0
0
I0E θdθ +
∫ θ1
θ0
I1E θdθ), (A14)
Fcore(Ei, t) =
∫
broadened−Ei
FcoreE (E, t)dE . (A15)
with θ1 = θ2 = a/d.
APPENDIX B: LIGHTCURVES
As discussed in Section.2, we could identify the SNIa signal and es-
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Figure B1. Simulated light curves of the gamma-ray lines from a 10 kpc
Galactic SNIa. Black solid line is the average background flux measured
in 158 keV bin of the BGO detector, black dotted line is background in
812/847 keV bin. Solid color lines are the simulation results, while dotted
color lines are the analytical optically thick results (Eq.1). Red lines are
the 56Ni 158 keV line signal intensity variation for the shell model, and
magenta for the 812 keV lines. Blue lines are the 56Co 847 keV line signal
intensity variation for the shell model and cyan is the 847 keV line for the
core model. Upper panel: Light curves ranging in 500 days. Lower panel:
Light curves ranging in 30 days, which is the black dashed region in left
panel.
timate the detection timescales by comparing the SNIa light curves
with the background of GBM and BAT detectors .
Fig. B1 shows the simulated SNIa light curves of 56Ni decay
lines (the dominant 158 keV and 812 keV lines) and 56Co decay
line (the dominant 847 keV line), for both the shell model and core
model. For the optimistic case (shell model), we can see that the
line fluxes from 56Ni decay will exceed the BGO background at
first few days after the explosion and reach the peak at ∼10 days
Figure B2. Simulation of 56Ni and 56Co gamma-ray lines signal seen in
a GBM NaI detector, from a 10 kpc Galactic SNIa at day2 (above), day12
(middle above), day24 (middle below) and day96.5 (below) after explosion.
The black points represent a typical background spectrum from detector n3.
Dotted lines are the simulated SNIa 56Ni and 56Co decay lines signal, and
solid lines are the total signal expected to be seen by the detectors (sum of
the background and SNIa signal). Blue lines are for shell model, magenta
are for core model.
when the fluxes are&4-5 times higher than the background. There-
fore, if the shell model is true, the 56Ni decay signal from a Galactic
SNIa will be noticed as early as first days after the explosion. Al-
though 56Co decay line fluxes are much smaller compared to 56Ni
at early days, they still exceed the BGO background flux at ∼ 8
days and reach the peak at ∼100 days.
For the most pessimistic case (core model), the ejecta remains
optically thick at first tens of days after the explosion, thus 56Ni
lines will be too weak to be observed by the detector. Also 56Co
lines will emerge much later than the shell model case, after ∼20
days. Then 56Co lines will reach the peak at a similar time and
evolve to be the same as the shell model at later time, with the
same total 56Ni mass.
Similar conclusions will be obtained for the 56Ni 158keV line
observed by BAT detectors with a similar background flux at the
158keV bin. In addition, the upper panel in Fig. B1 show that the
analytical formula Eq. (1) fits the simulated light curves perfectly
at the first few days when the ejecta is optically thick, meaning that
we could predict accurately the line signal from a Galactic SNIa at
early days after the explosion and the observations will give impor-
tant information about the ejecta.
APPENDIX C: LOCALIZATION
Because Fermi orbits the Earth with an altitude of 555 km
∼10%R⊕ , about 30% of Fermi’s field of view is always blocked by
the Earth. About 85% of the sky is occulted in one orbit, so point
sources will typically be eclipsed once per orbit, as seen in Fig. C1.
From the eclipse flux decrement and timing, sources can be identi-
fied and located. The Earth Occultation Technique and Earth Occul-
tation Imaging have been successfully used to search for known and
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Figure C1. Sketch of how the Earth occultation technique localizes a
Galactic SNIa. The signal will be occulted by the Earth during one orbit
of the satellite, and the source position can be found by associating the oc-
culting time and the satellite position.
unknown point sources for GBM (Wilson-Hodge et al. 2012; Rodi
et al. 2014). The occultation duration will depend on the elevation
angle β between the source and the orbital plane. The angular reso-
lution ranges from ∼0.5◦ for β = 0 to ∼1.25◦ for β = 66◦, and the
timescale of localization is ∼P, where P = 96 minutes is Fermi’s
orbital period. For β > 66◦, occultation does not occur, GBM need
to wait to precess to another orbit to have signal blocked.
BAT may be the first, perhaps the only way to detect a Galac-
tic SNIa simultaneously in both X-ray and UV and optical bands.
Swift/BAT has PSF of 22.5 arcmin for an on-axis source (Tueller
et al. 2010), this alone is good enough to be easily within the field
of view for many optical/IR surveys, such as the Dark Energy Sur-
vey and later LSST.
A Galactic SNIa–once identified as such–would likely be ob-
servable across the electromagnetic spectrum, including at wave-
lengths not yet seen in outburst. If there is an X-ray signal,
Swift/XRT precision is good to about 1 pixel or ∼2.4 arcsec. If
Swift/UVOT sees a signal, the precision is similar, which will be
in the FOV of all optical/IR telescopes. But UVOT is difficult to
localize the Galactic SNIa due to the crowdedness of stars and
bright sources in the Galactic plane. Therefore after BAT discover
the Galactic SNIa, XRT will followup to confirm the SNIa and lo-
calize it with a relatively cleaner background. If there is no X-rays
seen, UVOT will be used to localize the SNIa with white filter, fi-
nally take the spectra with both UV and optical filters. After Swift
localization, a Galactic SNIa merits repeated followup at all wave-
lengths. At high energies, NuSTAR, INTEGRAL, and RHESSI-like
telescopes can probe observations of both nuclear lines and contin-
uum. No SNIa has been seen in radio at early times, so such ob-
servations would offer powerful new constraints or new detection
(e.g., Lien et al. 2011), and possibly allow for early interferometric
imaging. Obviously, optical/IR followup will be of great value as
well9. When BAT will find the SNIa depends on when it happens
to be in its FOV, and thus on the Swift scan strategy.
This paper has been typeset from a TEX/LATEX file prepared by the author.
9 Considering about the Galactic absorption, using IR telescopes like
Spitzer and later JWST for next followup observation will be valuable. The
SNIa infrared light curves generally have two maxima separated by ∼20-
30 days (e.g., Johansson et al. 2017), the second maximum observation will
benefit the diagnostic of the physical properties of the ejecta, like the degree
of 56Ni mixing (Kasen 2006).
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